Background and Aim: While the prevalence of celiac disease (CD) is increasing globally, the prevalence of tropical sprue (TS) is declining. Still, there are certain regions in the world where both patients with CD and TS exist and differentiation between them is a challenging task. We conducted a systematic review of the literature to find out differentiating clinical, endoscopic, and histological characteristics between CD and TS. Methods: Medline, PubMed, and EMBASE databases were searched for keywords: celiac disease, coeliac, celiac, tropical sprue, sprue, clinical presentation, endoscopy, and histology. Studies published between August 1960 and January 2018 were reviewed. Out of 1063 articles available, 12 articles were included in the final analysis. Results: Between the patients with CD and TS, there was no difference in the prevalence and duration of chronic diarrhea, abdominal distension, weight loss, extent of abnormal fecal fat content, and density of intestinal inflammation. The following features were more common in CD: short stature, vomiting/dyspepsia, endoscopic scalloping/attenuation of duodenal folds, histological high modified Marsh changes, crescendo type of IELosis, surface epithelial denudation, surface mucosal flattening, thickening of subepithelial basement membrane and celiac seropositivity; while those in TS include anemia, abnormal urinary D-xylose test, endoscopic either normal duodenal folds or mild attenuation, histologically decrescendo type of IELosis, low modified Marsh changes, patchy mucosal changes, and mucosal eosinophilia. Conclusions: Both patients with CD and TS have overlapping clinical, endoscopic, and histological characteristics, and there is no single diagnostic feature for differentiating CD from TS except for celiac specific serological tests.
Introduction
Chronic small bowel diarrhea with malabsorption is a major public health problem worldwide and it is caused by a number of diseases including tropical sprue (TS), celiac disease (CD), parasitic infections, immunodeficiency, Crohn's disease, and drugs. While CD is an autoimmune enteropathy occurring in genetically predisposed individuals in response to ingestion of dietary gluten, 1 TS on the other hand is likely caused by persistent gastrointestinal infection leading to enteropathy and villous damage and which responds to prolonged course of antibiotic. A while ago, in many tropical countries, TS was the most common cause of malabsorption syndrome and CD was uncommon. [2] [3] [4] Over last two decades, CD is being increasingly reported from many tropical countries and it has become an important cause of malabsorption syndrome. 5 Although there is lack of data on the global prevalence of TS, it is still being reported from many parts of India, Southeast Asia, and Caribbean island, with an estimated prevalence of 11% in Puerto Rico and 43% in Haiti. 6 It is also responsible for almost 40% causes of malabsorption syndrome both in adults and children in Southern part of Asia. [2] [3] [4] [6] [7] [8] [9] [10] Improvements in living standard and enhanced hygienic condition have possibly led to decline in number of patients with TS. 11 On the other hand, CD is being recognized globally and a recent meta-analysis on global prevalence of CD showed that 0.68% of global population has CD. 12 While the overall prevalence of CD varies from less than 1% to > 5% in different regions of the world, in India, its prevalence equates to that of the western Caucasian population, which is about 0.6-1%. [13] [14] [15] Although there are proposed biomarkers and good serological tests available for early detection of CD, identification of TS remains a diagnosis of exclusion due to overlapping clinical presentation similar to those in CD and other enteropathies. There are many studies available describing the disease manifestations of CD and TS separately; however, only a few of them have compared the clinical, endoscopic, or the histological features of CD and TS. Both clinical gastroenterologists and pathologists need to differentiate these two causes of malabsorption syndrome and diarrhea; however, the same is often not possible due to lack of well documented differential clinical, endoscopic, and histological features in literature. In this systematic review, we attempted to analyze the published clinical, endoscopic, and histological features of patients with CD and TS and presented them in a comparative manner.
Methods
Extensive search of Medline/PubMed, EMBASE, SIGLE, Google, and National Research Register databases showed 1063 articles. For literature search in these databases, we used the keywords "celiac disease," "coeliac disease," "tropical sprue," "sprue," and each one of them were cross referenced with "clinical presentation," "endoscopy," and "histology." Studies published between August 1960 and January 2018 were reviewed. There was no language restriction imposed during search. Of 1063 articles, only 12 articles were found to describe the comparative clinical or endoscopic or histological features between the CD and TS (Table 1) . Where only abstracts were available and full text articles could not be accessed was excluded from this review. Three authors (P. S., G. P. S. G., and P. D.) were involved in literature search (searches were made between September 2017 and November 2017), reviewing the articles, and to decide which articles to be included based on laid down criteria. Any disagreement was resolved after discussion among the three authors. All the articles included were ethically approved as was disclosed by the authors. Diagnosis of celiac disease. As described previously, diagnosis of CD was based on at least any of the serological test positivity among anti-tTG, anti-EMA, and anti-gliadin antibodies along with histological demonstration of mucosal changes beyond or equal to the modified Marsh grade 2 changes. 1 For the period when serological tests were not available, histological changes of intestinal biopsies and histological improvement post gluten-free diet were taken as criteria of diagnosis.
Diagnosis of tropical sprue. Diagnosis of TS was based on a combination of clinical features, negative celiac specific serology, suggestive histological changes, and improvement in clinical manifestations after institution of antibiotic regimen for a few weeks.
Inclusion criteria. All studies satisfying diagnostic criteria and describing any of keywords described earlier were reviewed. Another critical inclusion criterion was description of clinical endoscopic and histological features in treatment naïve patients of CD and TS. Among these 18 articles, in 12 articles, either the clinical, endoscopic, or histological presentations between patients with CD and TS were compared (Table 1) . 4, 5, [16] [17] [18] [19] [20] Among the other six articles, Colombel et al., 21 Moran et al., 22 Sarikaya et al., 23 and Rubio et al., 24 described the clinical details and/or histological findings of CD only. Desai et al., 25 and Ghoshal et al., 26 on the other hand described the clinical details and histological findings of TS. In addition, Owen DR and Owen DA, 27 Greenson, 28 Kamboj and Oxentenko, 29 and Ramakrishna et al., 15 described some of the discriminatory features helpful in differentiating celiac from non-celiac enteropathies in their respective review articles. Due to lack of published data available on CD and TS, we also extracted data and included in our analyses from the six articles mentioned earlier, which described the clinical, endoscopic, or histological features separately in CD and TS. For histological analyses, articles where either modified Marsh classification or the original Marsh classification were used, were incorporated in this review. Heterogeneous nature of data expression and due to non-uniformity of reporting following the Cochrane criteria of review strictly was not possible in this review. Data expressed in these articles were very heterogeneous, leading to compromise in study design (Table 1) . 30 Exclusion criteria. Any of the following criterions was considered for exclusion:
1 Studies not fulfilling the diagnostic criteria; 2 Studies published in non-index journals, self-made databases, and hospital research registries as well as studies without approved ethical disclosures.
Assessment of validity of findings. Due to sparse data available comparing the clinical, endoscopic, and histological changes of patients with CD and TS and also owing to nonuniform nature of data presentation in various articles, we could not apply any risk of bias tool. However, quality of research methodology of the studies included in this review was individually assessed by all the principal authors (P. D., P. S., G. P. S. G., V. B., A. S., and G. K. M.).
Data extraction. Four investigators (P. D., G. P. S. G., P. S., and V. B.) extracted the relevant data from the selected articles individually, and any conflict in the process was resolved by discussion. Data published under following parameters were extracted: age range and mean age of patients; overall numbers of male and female; duration of diarrhea; stool frequency per day; abdominal distension; weight loss/failure to gain weight; pedal edema; anemia (Hb < 12 g%); short stature; diabetes Type 1; secondary infertility/delayed menarche; hypothyroidism; chronic liver disease/cirrhosis; dermatitis herpetiformis; Hb (g/dL); serum albumin; hypoalbuminemia (< 34 g/L); presence of stool parasites; platelet count (per mm 3 ); fecal fat (g/24 h); pattern of folds in the duodenum: normal, attenuated, scalloped folds, attenuated, and scalloped; endoscopic findings in other part of small and large intestine; histological features: normal C:V ratio, villous atrophylow grade (Marsh 1 and 2), intermediate grade (Marsh 3a and 3b), high grade (Marsh 3c), lamina propria inflammation density, epithelial cell changes, as-tall columnar, low columnar, cuboidal, pseudostratified, goblet cell loss, extent of mucosal changes, asfocal epithelial damage, diffuse epithelial damage, intraepithelial lymphocyte (IEL) localization-crescendo pattern of infiltration, IEL localization-decrescendo pattern of infiltration, density of inflammatory cell infiltrate, as-neutrophils-Gr I (involving < 30% area), Gr II (involving ≥ 30% area but < 60% area), Gr III (involving > 60% area), lymphocytes Gr I, Gr II, Gr III, plasma cells Gr I, Gr II, Gr III, eosinophils, mucosal edema, megaloblastic change, presence of basement membrane, and thickening. Enigma in diagnosing intestinal sprues P Sharma et al. 
Results
Of a total of 1063 articles, 12 full text articles with detail comparative analyses of clinical or endoscopic or histological features of CD and TS were identified and included (Table 1) . 4, 5, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [31] [32] [33] [34] [35] Finally, the data analyzed and described in this systematic review include 254 patients with CD and 161 with TS. 4, 5, [16] [17] [18] [19] [20] Both children and adult patients with CD and TS were considered in this systematic review.
Clinical presentation, serological tests, and other laboratory parameters in patients with celiac disease and tropical sprue. While the mean age of patients diagnosed with CD was 28.6 years [range 7-61 years], in patients with TS mean age was 33.9 years [range 4-53 years]. Both the diseases were almost equally present in males and females (Table 2 ). Chronic diarrhea was the predominant presenting symptom in patients with both CD and TS (87.7% vs 83%; P = 0.1); however, the duration of diarrhea was longer in patients with CD than those with TS (29.5 months vs 21.8 months). Short stature of the patients was a predominant finding in patients with CD, than in TS (21.3 vs 0.4%; P value < 0.001). Abdominal distension and weight loss were present equally in both the diseases (P value = 0.9 for each). Vomiting and dyspepsia were however more common in patients with CD, than in TS patients (19.7% vs 4.7%; P value < 0.001). On the other hand, anemia was detected more in patients with TS than in CD (75.7% vs 58.8%; P value < 0.001); serum vitamin B12 level < 200 pg/mL was noted mostly in patients with TS (50-90%patients with TS), than in patients with CD. Urinary D-xylose test was found abnormal in majority of patients with both the disease; however, this test was abnormal in more patients with CD than TS (96% in CD vs 80% in TS; P value < 0.001); abnormal fecal fat content was identified in both the diseases in equal proportions (18.5% in CD vs 12.4% in TS; P value > 0.05). While celiac specific serological tests (including anti-tTG, anti-EMA, and anti-gliadin antibodies) were positive in the majority (93.5%) of the patients with CD, 3.5% patients with TS also showed celiac specific seropositivity (P value < 0.001). Exact antibody titers were not mentioned in articles where false positivity of serology was reported in patients with TS (Table 2) .
Endoscopic findings in celiac disease and tropical sprue. There was a lack of homogeneity in the description of upper gastrointestinal endoscopic findings in the studies identified. We could categorize the extracted data as follows: (i) presence of normal mucosal folds, (ii) presence of attenuated folds, (iii) presence of scalloped folds, and (iv) presence of both attenuated and scalloped folds. In total, endoscopic data could be extracted from a total of 73 patients with CD and 36 patients with TS, respectively. While scalloping and attenuation of mucosal folds together were reported more often in patients with CD than those having TS (68.8% vs 46.5%; P value < 0.001), normal endoscopic mucosal folds were reported more often in patients with TS than in CD (42.5% vs 9.04%; P value < 0.001). When endoscopic mucosal attenuation and scalloping were considered separately, both of these parameters were commoner in patients with CD than in those with TS. Other reported endoscopic characteristics were fissures, mosaic pattern, and mucosal nodularity especially in those with CD (Table 3) .
Histological characteristics in patients with celiac disease and tropical sprue. Histological data were extracted from a total of 236 patients with CD and 216 patients with TS described in the articles included in this review. 4, 5, [16] [17] [18] [19] [20] 27, 28 Articles where either modified Marsh classification or the original Marsh classification was incorporated for histological analysis were considered. Increased IELs, while were reported in all patients with CD, in 89.7% biopsies from patients with TS also showed intraepithelial lymphocytosis in small bowel mucosa (P value < 0.001). In patients with CD, the IELs were found mostly in the upper one third of villous mucosa (villous tip), that is, a crescendo pattern of infiltration was detected (87.5% in CD vs 68.7% in TS; P value < 0.001); in TS, IELs were often seen to infiltrate the mucosal epithelium overlying the basal one third of the villi or the mucosal crypts (decrescendo pattern of infiltration; 12.5% in CD vs 31.3% in TS; P value < 0.001) ( Table 4 ; Fig. 1 ). While varying grades of villous atrophy were reported in 87.8% patients with CD, 61.9% patients with TS also showed villous atrophy (P value < 0.001). While 49.5% patients with CD had severe degree of villous abnormalities (Marsh 3c changes), only 11.9% of patients with TS showed Marsh 3c changes (P value < 0.001) ( Table 4) . Milder villous abnormalities (Modified Marsh grade 1 and grade 2) were seen more often in patients with TS than in CD (42.3% vs 13.6%; P value < 0.001). Proportion of patients having so called intermediate grade of villous abnormalities (modified Marsh grades 3a and 3b) was almost comparable between those with CD and TS (40.6% in CD and 45.8% in TS; P value 0.1) ( Table 4) .
Extent of villous mucosal epithelial damage, in terms of loss of tall columnar cell architecture (combined changes of low columnar and cuboidal changes) (63.1% vs 19.1%; P < 0.001) and loss of goblet cells (98.3% vs 90.4%; P < 0.001) at the villous tip epithelium were significantly higher in patients with CD, than those with TS. Mucosal epithelial regenerative changes such as pseudostratification of epithelial cell nuclei were reported more often in patients with CD than in those with TS (18.4% in CD vs none in TS; P < 0.001) ( Table 4 ; Fig. 1 ). While these changes could be patchy in both the diseases, patchy mucosal changes were more common in biopsies from patients with TS than in those with patients with CD (85.8% in TS vs 24.2% in CD; P < 0.001). Lamina propria inflammation was noted in equal proportions in biopsies from both patients with CD (86.6%) and TS (94.3%). Mucosal ]. † Exact percentage was not available due to descriptive published data. Hb, hemoglobin; m, months; n, number of patients; Vit, vitamin; "-" not applicable or not done. [References- 4, 19 ]. † Due to use of overlapping terminologies, the pooled data are not corroborating with the total number of patients in which endoscopic evaluation was done. In many patients, more than one endoscopic appearance was present.
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Enigma in diagnosing intestinal sprues edema was reported more often in the biopsies from patients with TS than those with CD (57.1% vs 37.7%; P < 0.001). Density of lymphocytic infiltration was more in the biopsies of patients with CD than those with TS (26.3% vs 0.7%; P < 0.001). On the other hand, eosinophils were reported to be more in biopsies from patients with TS than in CD (65.2% vs 37.6%, respectively; P < 0.001). Owen DR and Owen DA 27 reported higher number of eosinophils in patients with TS than that in patients with CD (26.5 vs 14.6/High power field [×40 objective]) (Table 4) . Plasma cells and polymorphs were identified in both the diseases almost in similar proportions (Table 4) . Subepithelial basement membrane thickening, representing chronic nature of ongoing inflammation, was reported in 11.4% of intestinal biopsies from patients with CD and none with TS (P < 0.001). Megaloblastic changes in the enterocytes were observed in the enterocytes in both the diseases with no significant statistical difference (P = 0.2) ( Table 4) .
Discussion
In this systematic review, we observed overlapping clinical, endoscopic, and histological characteristics in patients with CD and TS. While no single feature was diagnostic of either CD or TS, a combination of features however favored a diagnosis of one on the other. A recent history of visit to an endemic area followed by onset of diarrhea and steatorrhea in a patient with normal developmental milestones, having clinical and laboratory features of anemia, histological evidences of either normal or mild to moderate villous abnormalities, presence of a decrescendo pattern of intraepithelial lymphocytosis, eosinophil rich inflammatory infiltrate in lamina propria, and negative celiac specific serological tests suggest a diagnosis of TS.
The clinical presentation in CD can vary according to the age of occurrence of the disease. While the "typical" presentation is characterized by signs and symptoms caused by the enteropathy itself, manifesting as features of malabsorption, diarrhea, weight loss, steatorrhea, poor appetite, nausea, vomiting, stunted growth, muscle wasting, and hypoalbuminemia, 36 the "atypical" form of CD is characterized by the symptoms and signs occurring due to different extra-intestinal organ involvement. 37, 38 Although in adults, classical presentation is common, more than half of them may present with atypical manifestations. [39] [40] [41] Serological tests are fundamental for CD screening, which can differentiate a patient with CD from TS is the antibody titers are high by many folds. 42 Although, the sensitivities and specificities of these tests are high, in 5-10% cases, the serological tests may be falsely positive (based on commercial kits used). [43] [44] [45] Almost in 3.5% patients with diagnosed TS false positive celiac serological tests were identified in this review (Table 2) ; however, in the articles concerned the explanation regarding the causes of this false positivity were not determined. 46, 47 While we had observed higher number of TS patients with B12 deficiency; iron deficiency was identified more in patients with CD. However, overlapping features can be identified because of nutritional deficiency present in the either of the diseases. A quantitative fecal fat assay (normal fecal loss is < 7 g/day) for fat malabsorption and urinary D-xylose test with 25 g D-xylose 4, 5, [16] [17] [18] [19] [20] ].
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(excretion of < 1 g in urine is abnormal) for mucosal malabsorption will yield abnormal values in both the patients with CD and TS, hence does not contribute significantly in differentiating the two malabsorption syndromes. However, the abnormal results of urinary D-xylose test were more commonly identified in patients with CD than in patients with TS. An antibiotic trial in a traveler presented with diarrhea to assess clinical improvement is one of the other ways of excluding a diagnosis of TS. 20 Endoscopic findings in celiac disease and tropical sprue. The endoscopic features in patients having either CD or TS may vary from normal duodenal folds to atrophic and scalloped folds. Other features are uneven mucosa, mucosal nodularity, mucosal fissures, and mosaic pattern of mucosa. The mucosal scalloping, mosaic pattern, and nodularity are considered suggestive for diagnosis of CD; 5, 18, [48] [49] [50] however, similar endoscopic findings can be seen up to 46.5% patients suffering from TS also (Table 3) .
Histological findings in celiac disease and tropical sprue. On overall analysis of histological data from the studies included in this systematic review, patients with CD were found to have more severe villous abnormalities (51.3% had Marsh 3c changes alone, while 54.2% patients had combined Marsh 3a and 3b changes in intestinal biopsies) than in patients with TS (only 11.9% patients had modified Marsh 3c changes). Most patients with TS had mild to moderate villous abnormalities (42.3% and 45.8%, respectively), in comparison with only 11.8% mild to moderate villous abnormalities in CD. 4, 5, [16] [17] [18] While crypt hyperplasia was identified as a dependable of mucosal change in CD, patients with TS were reported to have hypoplastic mucosal crypts. 51 IELosis though was seen in both the diseases, the pattern of IEL infiltration and the density of infiltration were different between the two diseases. While the IELs were located mostly towards the upper one third area of villous epithelial lining in patients with CD (crescendo pattern), they were restricted to the basal one third of villi and in crypt epithelium in those with TS (decrescendo pattern) (Fig. 1) . Furthermore, while there is no set cutoff value of number of IELs per 100 enterocytes to differentiate patients with CD and TS, the numbers of IELs were noted higher and denser in patients with CD. The lymphocytic epithelial injury within the crypts though was reported both in CD and in TS; this finding was more prominent in those with TS (Fig. 1) . Interestingly, even in healthy people, the IELs are relatively more near the villi bases; the presence of IELs at lower third of villi alone does not suggest a diagnosis of TS.
The surface epithelial cells in CD were low columnar to cuboidal in shape with presence of nuclear pseudo-stratification and pleomorphism, whereas most patients with TS had maintained tall columnar epithelial cells at villous tip (80.9%), suggesting less immune mediated damage at the villous tip in patients with TS than those with CD (Table 4) . 19 Features of nuclear pyknosis and intracytoplasmic vacuolization were also more prominent in mucosal biopsies from patients with CD than in TS. 5, 52 Alcian blue and periodic acid Schiff stains showed reduced number of goblet cells in the surface epithelium in both the diseases. While inflammatory cell infiltrates composing of lymphocytes, plasma cells, histiocytes, and eosinophils were present in the lamina propria of intestinal biopsies from patients with both CD and TS, lymphocytic infiltrate was more prominent in biopsies from patients with CD; while, in contrary, in intestinal biopsies from patients with TS, mucosal eosinophilic infiltrate was significantly denser (Fig. 1) . 4, 5, 53 Owen DR and Owen DA observed up to 26.5 eosinophils/HPF (400× magnification) in intestinal biopsies from patients with TS in comparison with 14.6 eosinophils/HPF in CD. 27 However, it should also be kept in mind that the density of eosinophils in the lamina propria of patients with CD can be variable, ranging between 3 and 50 per HPF; 54 hence, clinical and serological features are also needed to be taken into account. 53, 55 Subepithelial basement membrane thickening was reported in 11.4% intestinal biopsies from patients with CD; however, in none of the articles examined, this feature was recorded in intestinal biopsies from patients with TS (Table 4) . While it is known that the histological features of CD can be patchy, in TS, also patchy intestinal pathology has been documented. CD is now known to involve other parts of intestine as well as other extraintestinal organs; distal small bowel involvement has also been documented by Owen DR and Owen DA in TS. 27 Hence, in isolation, it seems that none of the above-mentioned clinical, endoscopic, and histological features are diagnostic for either CD or TS; hence, presence of a combination of these features along with serological correlation or response to antibiotic trial can help to reach to a conclusive diagnosis. Although this systematic review comprehends the overall clinical, endoscopic, and histological findings in patients with CD and TS, it is to be highlighted that the articles reviewed and analyzed showed heterogeneous data (Table 1) . Different authors have used their own terminologies and presented data in variable ways. With our best efforts, we could not implement the recommendations of Cochrane review strictly. However, we believe that the differential features between these two diseases, as observed in the present study, would be valuable for both gastroenterologists and pathologists, especially in the regions where both the diseases occur.
Conclusions
The clinical presentation, endoscopic features, and histological features mostly overlap in patients with CD and TS. Patients presenting with features of diarrhea and short stature, severe villous abnormality, and crescendo type of IELosis suggest a diagnosis of CD over TS. A positive celiac specific serology confirms the diagnosis of CD. On the other hand, a subject with history of travel to endemic area with recent onset diarrhea, normal villi/mild villous abnormalities, decrescendo type of IELosis, and eosinophil rich inflammatory infiltrate in lamina propria suggests a diagnostic possibility of TS. Hence, a complete evaluation of patients presented with diarrhea and malabsorption is necessary to reach to a diagnosis of TS, which is predominantly a diagnosis of exclusion.
